Supplementary Methods

Phylogenetics
Putative Dpr and DIP homologs were identified using BLAST with D. melanogaster proteins as queries (1) . To exclude distant IgSF homologs, the BLAST hits were used as queries to search over the D. melanogaster proteome (reciprocal BLAST), and only those with a Dpr or DIP as the top hit were retained. For identifying IgLON homologs in protostomes, human IgLONs were used as queries and reciprocal BLAST was performed on the human proteome. Amalgam, CG34353, CG7166, DIP, Dpr, Klingon, Lachesin, and Wrapper were identified as IgLON homologs in D. melanogaster. Only some of the 21 Dprs appeared as IgLON homologs, presumably due to their fast rate of evolution. Amalgam was excluded from analysis because it could not be reliably aligned to other proteins. Nectin, Necl, Kirrel, and Nephrin were the only other IgSF subfamilies that could be reliably aligned to the Wirin family.
Sequences for insect, bony fish, and tetrapod proteins were obtained from the NCBI protein database. To acquire sequences from other organisms, whose proteomes were generally poorly represented in the NCBI protein database, transcripts were assembled from RNA-seq reads in the NCBI SRA database (2) . To selectively assemble specific transcripts rather than the entire transcriptome, RNA-seq reads with similarity to reference proteins were extracted using TBLASTN. Transcripts were then de novo assembled using Velvet/Oases (3, 4) , and coding sequences were identified using TransDecoder (http://transdecoder.github.io) (5) .
Only the Ig domains were included in the alignment because the rest of the proteins could not be aligned across paralogs. The number of Ig domains varied across proteins: two for Dpr, three for DIP, IgLON, Klingon, Lachesin, Nectin, and Necl, five for Kirrel, and eight to ten for Nephrin. The first one and a half Ig domains of Dpr aligned with the corresponding part of the 3-Ig proteins. The rest of Dpr aligned with the second half of the third Ig domain of the 3-Ig proteins. The first two Ig domains of the 3-Ig proteins aligned with the corresponding part of Kirrel and Nephrin. The alignment of the third Ig domain to the rest of Kirrel and Nephrin was ambiguous. However, the phylogeny was robust to the uncertainty in alignment. When alignments were generated using different gap penalties, the resulting phylogenies were topologically identical to that in Fig. 1 . Furthermore, using only the first two Ig domains resulted in a phylogeny that is also topologically identical to that in Fig. 1 .
Based on preliminary alignments and phylogenies, proteins with exceptionally long branches or nonsensical species placements were discarded. The remaining proteins were classified into paralog groups. Proteins in each paralog group were aligned separately, removing paralogspecific insertions and alignment-ambiguous regions. The full alignment was assembled from paralog alignments through sequential profile alignment. All alignments were generated using MUSCLE with default settings (6) . Preliminary phylogenies were inferred using FastTree2 (7). The ML phylogenies were inferred using RAxML v8.2.12 (8) . The best-fit model of evolution for the full phylogeny was WAG + G + I + X (X: ML estimation of equilibrium amino acid frequencies). The best-fit model for DIP, IgLON, and Klingon individually, however, were LG + G + I + X. Therefore, paralog relationships within each family were inferred in separate analyses. Approximate likelihood ratio statistics were calculated using PhyML v.3.0 under the topology and equilibrium amino acid frequencies inferred using RAxML (9) . Interactions between ectodomains of Dprs, DIPs and homologs were tested using ECIA (10) with minor modifications: The promoters in the bait and prey expression vectors have been replaced with the constitutively active Actin 5C promoter from D. melanogaster in lieu of the inducible metallothionein promoter. The transfection agent was also changed to TransIT-Insect (Mirus), which was used according to the manufacturer's recommended protocol. Mouse IgLON cDNAs were used in the binding experiments.
Throughout the manuscript, the outcome of the assay is reported in absorbance values at 650 nm, as the AP substrate KPL BluePhos (Seracare, catalog no. 5120-0061) is turned over to a blue product.
Homology Modeling
Dpr and DIP orthologs were modeled based on the Dpr6-DIP-α structure (PDB: 5EO9) using MODELLER (11) . For the NEGR1-NTM IG1-IG1 complex, Dpr6 was used to model NEGR1, DIP-α and was used to model NTM. Further side chain rotamer optimization was performed using SCWRL4 (12) and manual inspection of alternate rotamers in PyMOL (13).
Expression, Purification and Crystallization of RIG-5 IG1 and ZIG-8 IG1
The N-terminal domain of C. elegans RIG-5 was cloned into pAcGP67A with a C-terminal hexahistidine tag, and co-transfected into Sf9 cells with linearized baculoviral DNA (Expression Systems) using the TransIT-Insect transfection reagent (Mirus). Amplified virus was used to infect High Five cells. Media was collected 60 hours post-infection. RIG-5 was first purified using Ni-NTA agarose resin, followed by size-exclusion chromatography on a Superdex 75 10/300 column (GE Healthcare) in HBS (10 mM HEPES, pH 7.2 and 150 mM NaCl). RIG-5 was crystallized with the sitting-drop vapor diffusion method, using a Mosquito crystallization robot (TTP Labtech) with 100 nl protein + 100 nl crystallant drops against a 50-µl crystallant reservoir.
The N-terminal domain of C. elegans ZIG-8 was expressed and purified as above. Successful expression required the extension of the IG1 construct to include all of the N-terminal sequence between the domain and the signal peptide. We now recognize that this part constitute the additional N-terminal helix, which packs onto and is disulfide linked to the IG1. ZIG-8-RIG-5 IG1-IG1 complex was purified on a Superdex75 10/300 column.
RIG-5 IG1 sample was concentrated to 17 mg/ml, and crystallized by the sitting-drop vapor diffusion method in 0.1 M HEPES pH 7.0 and 1 M sodium citrate. Crystals were cryoprotected in 0.1 M HEPES pH 7.0, 1.2 M sodium citrate, 10% glycerol and vitrified in liquid nitrogen. Diffraction data were collected at SSRL beamline 9-2.
ZIG-8-RIG-5 was crystallized at 17.5 mg/ml in two different conditions. Crystal form 1 (tetragonal) was crystallized in 0.2 M disodium hydrogen phosphate, 20% PEG 3350, and cryoprotected with 0.2 M NaCl, 0.1 M HEPES pH 7.2, 22%PEG 3350, 24% Glycerol. Crystal form II (monoclinic) was crystallized in 0.2 M lithium sulfate, 0.1 M sodium cacodylate, pH 6.5, 30% PEG 400. This condition did not require cryoprotection. Diffraction data were collected at APS beamline 24-ID-C.
RIG-5 homodimer structure was solved by molecular replacement (MR) using a DIP-η IG1 monomer (PDB ID: 6NRX) (14) as the model with PHASER (15) . ZIG-8-RIG-5 complex was solved by MR using the RIG-5 IG1 homodimer structure with PHASER. The models were refined with phenix.refine (16) and real-space model building was performed in Coot (17) . Model validation was performed using Molprobity (18) within the PHENIX suite (19) .
Surface Plasmon Resonance (SPR)
ZIG-8 and RIG-5 full-length ectodomain constructs were expressed and purified as above. 2430 RUs of ZIG-8 was coupled on a Biacore CM5 chip (GE Healthcare) using NHS/EDC chemistry and random amine coupling. RIG-5 ectodomain was run over the chip as analyte in HBS with 0.05% Tween-20 as surfactant and 0.1% BSA to remove non-specific binding.
Analytical Ultracentrifugation
Full ectodomain ZIG-8 and RIG-5 were used in sedimentation velocity experiments in a Beckman analytical ultracentrifuge with an An50-Ti rotor at 20ºC. Protein samples were placed in charcoal-filled Epon centerpieces sandwiched between sapphire windows. Centrifugation was done at 50,000 rpm.
The AUC data were analyzed using the c(s) methodology in SEDFIT (20, 21) . Partial-specific volume, density, and viscosity were calculated using SEDNTERP (22) . Partial specific volumes used for RIG-5 and ZIG-8 were 0.7192 and 0.7227 cm 3 /g, respectively.
Figures were rendered in GUSSI (23) . For KD analyses, GUSSI was used to integrate the c(s) distributions, which were assembled into isotherm files that were imported into SEDPHAT (24) , where a monomer-dimer model was imposed, with a fixed s-value for the dimer (4.2 S for RIG-5, 3.65 S for ZIG-8).
Signal peptide and transmembrane helix predictions; Sequence numbering for RIG-5
There is ambiguity with regards to the N-terminal end of RIG-5 covering the signal peptide. The C36F7.4f.1 transcript on the Wormbase database (25) only allows for a weak prediction of a signal peptide with Phobius or SignalP (26, 27) , while the C36F7.4g.1 transcript yields a strongly predicted signal peptide ("MYLFALLCGVLLVFKQACSRG") if the second methionine in the transcript is used as the start methionine and therefore sixty amino acids are removed from the transcript. We used a numbering scheme throughout the manuscript that uses the C36F7.4g.1 sequence with 60 amino acids removed from the N terminus. It should be noted that the mature proteins (i.e. after the signal peptides are processed) for both transcripts have identical sequences. In the manuscript, we do not make a call about which transcript(s) are actually expressed in worms.
Definitions for protein families within the IgSF
Nectins and Necls are two related families within the IgSF found in vertebrates. In humans, the family include nine members, Nectins 1 to 5 and Necls 1 to 4. It should be noted that Necl5 is more closely related to Nectins than Necls.
Here, we define Kirrels as orthologs of the C. elegans protein SYG-1. Kirrels are found across bilaterians, including SYG-1, Rst and Kirre (Duf) in Drosophila, and Kirrel1 (Neph1), Kirrel2 (Neph3) and Kirrel3 (Neph2) in vertebrates.
Nephrins are heterophilic binding partners of Kirrels, and are orthologs of the C. elegans protein SYG-2. Nephrins are found across bilaterians, including SYG-2, SNS and Hibris in Drosophila, and Nephrin in vertebrates.
Constructs used in ECIA experiments for Wirins
For ECIA experiments, expression constructs included the following residues. Fig. S3 . A. The ML phylogeny of the Klingon family shown as in Fig. S1 . B. The ML phylogeny of the Lachesin family shown as in Fig. S1 . , indicating that the mass transport limitation is dominant, and the kinetic parameters might be suspect. E. Binding isotherm for equilibrium fits to the SPR data in (D). The calculated KD is 10.3 ± 0.3 µM and maximal response is 2047 RU. (14) ; cyan represents periphery. Since there is no clear hydrophobic core at the interface for the Necl and SYG complexes, and all of their interface amino acids were colored light orange. The NEGR-1-NTM structure is a homology model (Fig. S4B) , while all others are crystallographically determined. The structures were aligned so that the subunits depicted at the bottom are superimposed on to each other. The PDB IDs of the structures shown are 6NRW (A), 6NRX (B), 6ONB (C), 5ZO2 (E), and 4OFY (F). G. Amino acid positions at the "hydrophobic core" is compared. 
